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Description 

BACKGROUD OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a solid poly- 
nner electrolyte fuel cell assembly including a plurality of 
unit cells stacked to each other, wherein each of the unit 
cells integrally has a unified body formed by holding a 
solid polymer electrolyte membrane between an anode 
and a cathode; a fuel cell stack obtained by stacking a 
plurality of sets of the solid polymer type cell assemblies 
to each other; and a method of supplying a reaction gas 
in the fuel cell. 

Description of the Related Art: 

[O0O2] In general, a solid polymer electrolyte fuel cell 
(PEFC) includes a unit cell (unit power generation cell) 
fomned by disposing an anode and a cathode, each of 
which is mainly made from carbon, on both sides of an 
electrolyte membrane composed of a polymer Ion ex- 
change membrane (cation exchange membrane), to 
form a unified body (membrane-electrode assembly ), 
and holding the unified body between separators (bipo- 
lar plates). The solid polymer electrolyte fuel cell is gen- 
erally used in the form of a fuel cell stack composed of 
a stack of a specific number of the unit cells. 
[O003] In the fuel cell of this type, when a fuel gas, for 
example, a gas mainly containing hydrogen (hereinaf- 
ter, referred to as "hydrogen containing gas") is supplied 
to the anode, hydrogen in the hydrogen containing gas 
is ionized on the catalyst electrode and Is migrated to 
the cathode via the electrolyte; and electrons generated 
by such cell reaction are taken to an external circuit, to 
be used as electric energy in the form of a direct current. 
In this case, since an oxidizing gas, for example, a gas 
mainly containing oxygen or air (hereinafter, referred to 
as "oxygen containing gas") is supplied to the cathode, 
hydrogen ions, electrons and oxygen react with each 
other to produce water on the cathode. 
[O0O4] By the way, in the case of using a fuel cell stack 
as an on-vehicle power source, a relatively large output 
is required for the fuel cell stack. To meet such a require- 
ment, a cell structure for making a size of a reaction 
plane (power generation plane) of a unit cell larger, and 
a cell stmcture for stacking a large number of unit cells 
to each other have been adopted. 
[0005] The formercell structure, however, has a prob- 
lem that if the size of each unit cell becomes large, the 
whole size of the fuel cell stack becomes also large, and 
such a large-sized fuel cell stack is unsuitable as an on- 
vehicle power source. Accordingly, the latter cell struc- 
ture for stacking a large number of relatively compact 
unit cells to each other has been generally adopted; 
however, such a structure also presents an inconven- 
ience that as the number of the stacked unit cells be- 



2 

comes larger, the temperature distribution tends to be 
generated in the stack direction and also the drainage 
characteristic of water produced by the electrochemical 
reaction is degraded, thereby failing to ensure a desired 
5 power generation performance. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
10 vide a solid polymer electrolyte fuel cell assembly capa- 
ble of effectively improving the power generation per- 
formance of each unit cell and reducing the size of the 
cell assembly with a simple structure, and a fuel cell 
stack obtained by stacking the cell assemblies to each 
IS other. 

[0007] Another object of the present invention is to 
provide a method of supplying a reaction gas In a fuel 
cell, which is capable of making each unit cell effectively 
generate a power, and improving the drainage charac- 
teristic or the like. 

[0008] According to the present invention, there is 
provided a solid polymer electrolyte fuel cell assembly 
Including a plurality of unit cells stacked to each other, 
characterized in that each of the plurality of units cells 
integrally has a unified body fonned by holding a solid 
polymer electrolyte membrane between an anode and 
a cathode, and also has one of a plurality of sets of re- 
action gas passages adapted for allowing at least one 
of a fuel gas and an oxidizing gas to flow in the unit cells 
in parallel with respect to the stacking direction of the 
unit cells and in the same flow direction. With this con- 
figuration, it is possible to keep a desirable power gen- 
eration perfonnance for each unit cell. 
[0009] Further, since the cell assembly is composed 
of a plurality of the unit cells integrated to each other, 
the fuel cell stack can be assembled with each cell as- 
sembly taken as a handling unit. Accordingly, at the time 
of assembly of the fuel cell stack, works of handling the 
components of the fuel cell stack can be effectively im- 
proved as compared with works of handing the compo- 
nents of a conventional fuel cell stack which is assem- 
bled with each of the unit cells taken as a handling unit. 
[0010] In the above cell assembly, two sets of coolant 
passages for cooling the cell assembly may be disposed 
on both sides of the plurality of unit cells in the stacking 
direction of the unit cells in such a manner as to hold the 
unit cells therebetween. With this configuration, as com- 
pared with a cooling structure in which a set of coolant 
passages are provided for each unit cell, the cooling 
structure of the present invention can be effectively sim- 
plified, thereby making it possible to easily reduce the 
size and weight of the whole cell assembly Each of the 
two sets of coolant passages may be configured to ex- 
tend linearly along a plane direction of the unit cells. With 
this configuration, the configuration of each set of the 
coolant passages can be simplified. 
[0011] In this case, at least two of the unit cells may 
have structures different from each other. With this con- 
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figuration, it is possible to adopt a structure optimum for 
reaction for each unit cell. For example, the cross-sec- 
tions of at least two, provided in the at least two unit 
cells, of the plurality of sets of reaction gas passages 
for allowing at least one of the fuel gas and oxidizing gas 
to flow therethrough may be different from each other. 
With this configuration, even if there occur different tem- 
perature environments in each unit cell, it Is possible to 
generate efficient and unifomn reaction for each unit cell. 
[O012] Concretely, the cross-sections of the at least 
two sets of reaction gas passages provided in the at 
least two unit cells may be made different from each oth- 
er by mailing the depths, widths, or the number of one 
of the at least two sets of reaction gas passages different 
from the depth, widths, or the number of another of the 
at least two sets of reaction gas passages. With this con- 
figuration, by making the depths of the passages shal- 
low, It is possible to make each unit cell thin, and hence 
to miniaturize the whole cell assembly; and by making 
the widths of the passages narrow or reducing the 
number of the passages, it is possible to increase the 
contact area between the unit cells and hence to lower 
the contact resistance. 

[0013] The cross-sections of one, disposed in prox- 
imity to the coolant passages, of the at least two sets of 
reaction gas^passages may be smaller than another, 
disposed apart from the coolant passages , of the at least 
two sets of reaction gas passages. Since the tempera- 
ture of the reaction gas passages disposed in proximity 
of the coolant passages is lower than that of the reaction 
gas passages apart from the coolant passages, the 
amount of water produced in the former reaction gas 
passages becomes larger than that of water produced 
in the latter reaction gas passages; however, according 
to this configuration, since the cross-sections of the 
fornier reaction gas passages are smaller than those of 
the latter reaction gas passages, the flow velocity of the 
reaction gas in the former reaction gas passages be- 
comes higher, with a result that the drainage character- 
istic of water produced in the former reaction gas pas- 
sages can be effectively improved. 
[0014] A choked portion may be provided in one, dis- 
posed apart from the coolant passages, of the at least 
two sets of reaction gas passages in order to make the 
flow rate of the one of the at least two sets of reaction 
gas passages smaller than the flow rate of another, dis- 
posed in proximity to the coolant passages ^ of the at 
least two sets of reaction gas passages. With this con- 
figuration, it is possible to increase the flow rate of the 
reaction gas passages on the low temperature side, and 
hence to equalize the humidity in the unit cell. 
[0015] The at least two unit cells may have unified 
bodies different from each other Concretely, one, dis- 
posed in proximity to the coolant passages, of the uni- 
fied bodies may include a fluorine based membrane, 
and another, disposed apart from the coolant passages, 
of the unified bodies may include a hydrocarbon based 
membrane. With this configuration, since the hydrocar- 



bon based membrane having a high heat resistance is 
provided in the unified body which is apart from the cool- 
ant passages and is thereby high in temperature, it is 
possible to improve the useful life of the unified body. 
5 [0016] Each separator Interposed between adjacent 
two of the unified bodies may have, in a plane thereof, 
a reaction gas supplying communication hole and a re- 
action gas discharging communication hole for supply- 
ing and discharging the reaction gas to and from the re- 
action gas passages in each of the unit ceils. With this 
configuration, it is possible to improve the drainage 
characteristic of produced water, and to eliminate pro- 
vision of a seal structure in the case of providing a sep- 
arate external manifold. 

[0017] Each separator interposed between adjacent 
two of the unified bodies may be fonried of a metal plate 

having a shape of projections and depressions for form- 
ing the reaction gas passages. With this configuration, 
since the separator can be formed of a corrugated metal 
thin plate, it is possible to realize the thinning of the sep- 
arator. The separator may have, on the side facing to 
one of the adjacent two of the unified bodies, a set of 
fuel gas passages as the reaction gas passages of one 
kind, and also have, on the side facing to the other of 
the adjacent two of the unified bodies, a set of oxidizing 
gas passages as the reaction gas passages of the other 
kind. With this configuration, as compared with a sepa- 
rator stnjcture in which a set of fuel gas passages and 
a set of oxidizing gas passages are individually provided 
for two separators* it is possible to easily make the sep- 
arator structure thin, and hence to miniaturize the whole 
cell assembly. 

[0018] The flow direction of a set of fuel gas passages 
as the reaction gas passages of one kind along the re- 
action plane of the unit cell may be opposite to the flow 
direction of a set of oxidizing gas passages as the reac- 
tion gas passages of the other kind along the reaction 
plane of the unit cell. With this configuration, since water 
produced in a portion, on the outlet side, of the oxidizing 
gas passages are diffused back in the fuel gas passages 
via the electrolyte membrane, it is possible to effectively 
humidify the fuel gas. 

[0019] Sets of fuel gas passages may be provided in 
the plurality of unit cells in such a manner as to be com- 
municated to each other in sehes, and sets of oxidizing 
gas passages may be provided In the plurality of unit 
cells in such a manner as to be communicated to each 
other in parallel. With this configuration, since a suffi- 
ciently large pressure drop can be given to the fuel gas 
having a low viscosity flowing in the fuel gas passages, 
it is possible to effectively drain water produced on the 
anode. A set of fuel gas passages may be configured to 
extend linearly along the reaction plane of the unit cell, 
and a set of oxidizing gas passages may be configured 
to extend linearly along the reaction plane of the unit 
cell. With this configuration, it is possible to simplify the 
configurations of the fuel gas passages and the oxidiz- 
ing gas passages. 
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[0020] According to the present invention, there is 
provided a fuel cell stack including a plurality of sets of 
cell assemblies stuck to each other, characterized in the 
solid polymer electrolyte fuel cell assembly includes a 
plurality of unit cells stacked to each other, wherein each s 
of the plurality of units cells integrally has a unified body 
formed by holding a solid polymer electrolyte membrane 
between an anode and a cathode, and also has one of 
a plurality of sets of reaction gas passages adapted for 
allowing at least one of a fuel gas and an oxidizing gas io 
to flow in the unit cells in parallel with respect to the 
stacking direction of the unit cells and in the same flow 
direction. 

[0021] With this configuration, since each unit cell can 
keep a desirable power generation performance, the f u- is 
el cell Slack can obtain a desirable power generation 
perfomriance as a whole. In this fuel cell stack, the at 
least two of the unit cells may have structures different 
from each other. 

[0022] According to the present invention, there is 20 
provided a method of supplying a reaction gas in a fuel 
cell, which is applied to a solid polymer electrolyte fuel 
cell assembly. The cell assembly includes a plurality of 
unit cells stacked to each other, wherein each of the plu- 
rality of units cells integrally has a unified body fomied 25 
by holding a solid polymer electrolyte membrane be- 
tween an anode and a cathode, and also has one of a 
plurality of sets of reaction gas passages adapted for 
allowing at least one of a fuel gas and an oxidizing gas 
to flow in the unit cells in parallel with respect to the 30 
stacking direction of the unit cells and in the same flow 
direction. The above method is characterized in that the 
reaction gas is supplied in parallel from reaction gas 
supplying communication holes into sets of reaction gas 
passages of the unit cells and is made to flow in the sets 35 
of reaction gas passages to be used for reaction, and 
the spent reaction gas is discharged Into reaction gas 
discharging communication holes. 
[0023] In the above method, two sets of coolant pas- 
sages may be disposed on both sides of the plurality of 40 
unit cells in the stacking direction of the unit cells in such 
a manner as to hold the unit cells therebetween, and the 
cross-sections of a set of the reaction gas passages dis- 
posed in proximity to the coolant passages may be larg- 
er in flow rate and/or flow velocity than another set of 45 
the reaction gas passages disposed apart from the cool- 
ant passages. With this configuration, even if there oc- 
cur different temperature environments in each unit cell, 
it is possible to improve the drainage characteristic and 
equalize the humidity in the unit cell, and hence to pos- so 
itively perform a desirable electrochemical reaction for 
each unit cell. 

[0024] The above and otherobjects, features, and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 55 
junction with the accompanying drawings in which pre- 
ferred embodiments of the present invention are shown 
by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

FIG. 1 is an exploded perspective view of an essen- 
tial portion of a solid polymer electrolyte fuel cell as- 
sembly according to a first embodiment of the 
present invention; 

FIG. 2 is a schematic perspective view of a fuel cell 
stack; 

FIG. 3 is sectional view illustrating an essential por- 
tion of the cell assembly; 

FIG . 4 is a front view of a first separator constituting 
part of the cell assembly; 

FIG. 5 is a diagram showing the flows of an oxidizing 

gas, a fuel gas, and a coolant; 

FIG. 6 Is a view Illustrating a method of making the 

cross-sections of a set of oxidizing gas passages 

different from those of another set of oxidizing gas 

passages; 

FIG. 7 Is a view Illustrating a method of making the 
cross-sections of a set of oxidizing gas passages 
different from those of another set of oxidizing gas 
passages by making the depths of the former oxi- 
dizing gas passages different from those of the lat- 
ter oxidizing gas passages; 

FIG. 8 is a view illustrating a method of making the 
cross-sections of a set of oxidizing gas passages 
different from those of another set of oxidizing gas 
passages by making the widths of the former oxi- 
dizing gas passages different from those of the lat- 
ter oxidizing gas passages; 

FIG. 9 is a view illustrating a method of making the 
cross-sections of a set of oxidizing gas passages 
different from those of another set of oxidizing gas 
passages by making the number of the former oxi- 
dizing gas passages different from that of the latter 
oxidizing gas passages; 

FIG. 10 is an exploded perspective view of an es- 
sential portion of a solid polymer electrolyte fuel cell 
assembly according to a second embodiment of the 
present invention; 

FIG. 11 is an exploded perspective view of an es- 
sential portion of a solid polymer electrolyte fuel eel I 
assembly according to a third embodiment of the 
present invention; 

FIG. 1 2 is a diagram showing the flows of an oxidiz- 
ing gas, a fuel gas, and a coolant in the cell assem- 
bly according to the third embodiment; 
FIG. 13 is an exploded perspective view of a solid 
polymer electrolyte fuel cell assembly according to 
a fourth embodiment of the present invention; 
FIG. 14 is an exploded perspective view of a solid 
polymer electrolyte fuel cell assembly according to 
a fifth embodiment of the present Invention; and 
FIG. 1 5 is a diagram showing the flows of an oxidiz- 
ing gas, a fuel gas. and a coolant in the cell assem- 
bly according to the fifth embodiment. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[O026] FIG. 1 Is an exploded perspective view of an 
essential portion of a solid polymer electrolyte fuel cell 
assembly 10 according to a first embodiment of the 
present Invention, and FIG. 2 is a schematic perspective 
view of a fuel cell stack 12 obtained by stacking a plu- 
rality of sets of the cell assemblies 10 to each other. 
[0027] As shown in FIG. 1, the cell assembly 10 is 
formed by stacking a first unit cell 14 and a second unit 
cell 16 to each other. The first unit cell 14 has a first 
unified body 18, and the second unit cell 16 has a sec- 
ond unified body 20. 

[0028] The first unified body 18 has a solid polymer 
electrolyte membrane 22a, and a cathode 24a and an 
anode 26a which are disposed with the electrolyte mem- 
brane 22a put therebetween, and the second unified 
body 20 has a solid polymer electrolyte membrane 22b, 
and a cathode 24b and an anode 26b which are dis- 
posed with the electrolyte membrane 22b put therebe- 
tween. Each of the cathodes 24a and 24b and the an- 
odes 26a and 26b is formed by joining a noble metal 
based catalyst electrode layer onto a base member 
mainly made from carbon, and is provided, on its sur- 
face, with a gas diffusion layer formed of a porous layer, 
for example, a porous carbon paper. 
[0029] As shown in FIGS. 1 and 3. a first separator 28 
is disposed on the anode 26a side of the first unified 
body 1 8; a second separator 30 is disposed on the cath- 
ode 24b side of the second unified body 20; and an in- 
termediate separator 32 is disposed between the first 
and second unified bodies 18 and 20. 
[0030] As shown In FIG. 1 , each of the first and sec- 
ond unified bodies 1 8 and 20, the first and second sep- 
arators 28 and 30, and the intermediate separator 32 
has, at one edge in the long-side direction, an oxidizing 
gas inlet 36a, a fuel gas outlet 42b, and a coolant Inlet 
44a. The oxidizing gas inlet 36a allows an oxidizing gas 
(reaction gas) such as an oxygen containing gas or air 
to pass therethrough. The fuel gas outlet 42b allows a 
fuel gas (reaction gas) such as a hydrogen containing 
gas to pass therethrough. The coolant inlet 44a allows 
a coolant to pass therethrough. The oxidizing gas inlets 
36a (fuel gas outlets 42b, and coolant inlets 44a) pro- 
vided in the cell components 18, 20, 28, 30, and 32 are 
communicated to each other In the stacking direction 
(shown by an arrow A) of the first and second unit cells 
14 and 16. 

[0031] On the other hand, each of the first and second 
unified bodies 18 and 20, the first and second separa- 
tors 28 and 30, and the Intermediate separator 32 has, 
at the other edge in the long-side direction, a coolant 
outlet 44b, a fuel gas inlet 42a, and an oxidizing gas 
outlet 36b. The coolant outlets 44b (fuel gas inlets 42a, 
and oxidizing gas outlets 36b) provided in the cell com- 
ponents 18, 20, 28, 30, and 32 are communicated to 
each other in the direction A. 



[0032] The first separator 28 is configured as a metal 
sheet. A portion, facing to a reaction plane (power gen- 
eration plane) of the first unified body 18, of the metal 
sheet is formed into a shape of projections and depres- 
5 sions, for example, into a corrugated shape for forming 
passages. To be more specific, as shown In FIGS. 3 and 
4, the first separator 28 has, on the side facing to the 
anode 26a of the first unified body 1 8, a plurality of fuel 
gas passages (reaction gas passages) 46. The fuel gas 
passages 46 linearly extend in the long-side direction 
(shown by an arrow B). The one-ends of the fuel gas 
passages 46 are communicated to the fuel gas inlet 42a 
and the other ends thereof are communicated to the fuel 
gas outlet 42b. 

[0033] As shown in FIGS. 1 and 3, the first separator 
28 also has, on the side opposite to the side having the 
fuel gas passage 46, a plurality of coolant passages 48. 
The coolant passages 48 linearly extend in the long-side 
direction (shown by the arrow B). The one-ends of the 
coolant passages 48 are communicated to the coolant 
inlet 44a, and the other ends thereof are communicated 
to the coolant outlet 44b. 

[0034] The second separator 30 is configured as be- 
ing substantially similar to the first separator 28. The 
second separator 30 has, on the side facing to the cath- 
ode 24b of the second unified body 20, a plurality of ox- 
idizing gas passages (reaction gas passages) 52. The 
oxidizing gas passages 52 linearly extend In the long- 
side direction (shown by the arrow B). The one-ends of 
the oxidizing gas passages 52 are communicated to the 
oxidizing gas inlet 36a and the other ends thereof are 
communicated to the oxidizing gas outlet 36b. The sec- 
ond separator 30 also has, on the side opposite to the 
side having the oxidizing gas passage 52, a plurality of 
coolant passages 54. The coolant passages 54 linearly 
extend in the long-side direction (shown by the arrow 
B). The one-ends of the coolant passages 54 are com- 
municated to the coolant inlet 44a and the other ends 
thereof are communicated to the coolant outlet 44b. 
[0035] The intermediate separator 32 is configured as 
being substantially similar to the first and second sepa- 
rators 28 and 30. The Intermediate separator 32 has, on 
the side facing tothe cathode 24a of the first unified body 
18, a plurality of oxidizing gas passages (reaction gas 
passages) 56. The oxidizing gas passages 56 linearly 
extend in the long-side direction (shown by the arrow 
B). The one-ends of the oxidizing gas passages 56 are 
communicated to the oxidizing gas inlet 36a and the oth- 
er ends thereof are communicated to the oxidizing gas 
outlet 36b. 

[0036] The Intermediate separator 32 also has, on the 
side facing to the anode 26b of the second unified body 
20, a plurality of fuel gas passages (reaction gas pas- 
sages) 58. The fuel gas passages 58 linearly extend in 
the long-side direction (shown by the arrow B). The one- 
ends of the fuel gas passages 58 are communicated to 
the fuel gas Inlet 42a and the other ends thereof are 
communicated to the fuel gas outlet 42b. In addition, a 
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portion, communicated to the oxidizing gas inlet 36a, of 
the one-ends of the oxidizing gas passages 56 is 
choked, to fom a choked portion 59a, and a portion, 
communicated to the oxidizing gas outlet 36b, of the oth- 
er ends of the oxidizing gas passages 56 is choked, to 
form a choked portion 59b (see FIG. 1). 
[0037] A specific numberof sets of the cell assemblies 
1 0 configured as described above are, as shown in FIG. 
2, are stacked to each other In the direction A by means 
of fixing means (not shown). End plates 62a and 62b 
are disposed, via cun-ent collecting electrodes 60a and 
60b. on both ends of the sets of the cell assemblies 10 
in the direction A, followed by fastening of the end plates 
62a and 62b by means of tie rods (not shown) or the 
like, to obtain a fuel cell stack 12. 
[0038] The end plate 62a has, at one edge In the long- 
side direction, an oxidizing gas supply port 64a commu- 
nicated to the oxidizing gas Inlets 36a, a fuel gas dis- 
charge port 66b communicated to the fuel gas outlets 
42b, and a coolant supply port 68a communicated to the 
coolant inlets 44a. The end plate 62a also has. at the 
other edge in the long-side direction, a coolant dis- 
charge port 68b communicated to the coolant outlets 
44b, a fuel gas supply port 66a communicated to the 
fuel gas inlets 42a, and an oxidizing gas discharge port 
64b communicated to the oxidizing gas outlets 36b. 
[0039] The operations of the fuel cell stack 1 2 and the 
cell assembly 1 0 configured as described above will be 
described below in relation to a reaction gas supply 
method of the present invention, 
[0040] In the fuel cell stack 12, a fuel gas such as a 
hydrogen containing gas is supplied from the fuel gas 
supply port 66a, an oxidizing gas such as air or an ox- 
ygen containing gas is supplied from the oxidizing gas 
supply port 64a, and a coolant such as pure water, eth- 
ylene glycol, or oil is supplied from the coolant supply 
port 68a, so that the fuel gas, oxidizing gas, and coolant 
are supplied to the plurality of sets of cell assemblies 1 0 
stacked to each other in the direction A. 
[0041] As shown in FIG. 5, part of the oxidizing gas 
supplied to the oxidizing gas inlets 36a communicated 
to each other in the direction A is introduced In the plu- 
rality of oxidizing gas passages 56 provided in the inter- 
mediate separator 32, to move along the cathode 24a 
of the first unified body 18. On the other hand, part of 
the fuel gas supplied to the fuel gas Inlets 42a commu- 
nicated to each other in the direction A is introduced in 
the plurality of fuel gas passages 46 provided in the first 
separator 28, to move along the anode 26a of the first 
unified body 18 in the direction opposed to the flow di- 
rection of the oxidizing gas. Accordingly, in the first uni- 
fied body 18, the oxidizing gas supplied to the cathode 
24a and the fuel gas supplied to the anode 26a are con- 
sumed by electrochemical reaction in the catalyst layers 
of the electrodes, to result in power generation. 
[0042] Another part of the oxidizing gas supplied to 
the oxidizing gas inlets 36a is introduced in the plurality 
of oxidizing gas passages 52 formed in the second sep- 



arator 30, to move along the cathode 24b of the second 
unified body 20. whereas another part of the fuel gas 
supplied to the fuel gas Inlets 42a is introduced in the 
plurality of fuel gas passages 58 provided in the inter- 

s mediate separator 32, to move along the anode 26b of 
the second unified body 20. As a result, there occurs 
power generation in the second unified body 20. 
[0043] On the other hand, part of the coolant supplied 
to the coolant inlets 44a communicated to each other in 
the direction A flows in the coolant passages 48 formed 
in the first separator 28, to be discharged from the cool- 
ant outlet 44b of the first separator 28, whereas another 
part of the coolant supplied to the coolant Inlets 44a 
flows in the coolant passages 54 fomned in the second 

'5 separator 30, to be discharged from the coolant outlet 
44b of the second separator 30. 
[0044] According to the first embodiment configured 
as described above, since the cell assembly 1 0 Is com- 
posed of a plurality (for example, two) of the unit cells 

20 14 and 16 integrated to each other, the fuel cell stack 
12 can be assembled with each cell assembly 10 taken 
as a handling unit. Accordingly, at the time of assembly 
of the fuel cell stack 12, works of handling the compo- 
nents of the fuel cell stack 12 can be effectively Im- 

25 proved as compared with works of handing the compo- 
nents of a conventional fuel cell stack which is assem- 
bled with each of the unit cells 14 and 16 taken as a 
handling unit. 

[0045] According to the first embodiment, the cell as- 

30 sembly 1 0 has a so-called thinned-out cooling structure 
in which the coolant passages 48 and 54 are provided 
in such a manner as to hold the first and second unit 
cells 14 and 1 6 therebetween, that is, no coolant pas- 
sages are provided between the first and second unified 

35 bodies 1 8 and 20. Accordingly, as compared with a cool- 
ing structure in which coolant passages are provided for 
each of the unit cells 1 4 and 1 6, the cooling structure in 
this embodiment can be effectively simplified, to thereby 
obtain an effect of easily reducing the size and weight 

40 of the whole cell assembly 1 0. 

[0046] The above-described cooling structure of the 
cell assembly 1 0 will be more fully described below. The 
coolant passages 54 are disposed in proximity to the 
oxidizing gas passages 52 of the second separator 30, 
whereas the coolant passages 48 are disposed apart 
from the oxidizing gas passages 56 of the intermediate 
separator 32. Accordingly, the oxidizing gas passages 
52 of the second separator 30 are cooled by the coolant 
to become a low temperature side, whereas the oxidiz- 
ing gas passages 56 of the intemnedlate separator 32 
are less cooled to become a high temperature side, so 
that there occurs a difference in temperature environ- 
ment between the first and second unit cells 14 and 16. 
This may causes an inconvenience that water is pro- 

55 duced In the oxidizing gas passages 52 of the second 
separator 30 on the low temperature side and is accu- 
mulated In the passages, gas diffusion layer, or catalyst 
layer, tending to block the oxidizing gas passages 52. 
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[0047] According to this embodiment, to cope with 
such an inconvenience, there is adopted a stmcture for 
equalizing the humidity in the second unit cell 16 to that 
in the first unit cell 14 by increasing the flow rate of the 
oxidizing gas flowing in the oxidizing gas passages 52 
of the second separator 30 and improving the drainage 
characteristic of the water produced in the oxidizing gas 
passages 52 by increasing the flow velocity of the oxi- 
dizing gas flowing in the oxidizing gas passages 52. To 
be more specific, since choked portions 59a and 59b 
are respectively provided at the portions communicated 
to the oxidizing gas inlet 36a and the oxidizing gas outlet 
36b of the oxidizing gas passages 56 provided in the 
intemriediate separator 32 on the high temperature side, 
the flow rate of the oxidizing gas in the oxidizing gas 
passages 52 of the second separator 30 becomes larger 
than that In the oxidizing gas passages 56 of the inter- 
mediate separator 32. 

[0048] As a result, according to the first embodiment, 
it Is possible to positively discharge the water produced 
in the oxidizing gas passages 52 of the second separa- 
tor 30 on the low temperature side, and hence to equal- 
ize the humidity in the second unit cell 16 to that in the 
first unit cell 14. This is effective to equalize the cun-ent 
density distribution in the second unit cell 16 to that in 
the first unit cell 1 4 and hence to reduce a concentration 
overpotential. Further, since the flow rate and flow ve- 
locity of the oxidizing gas flowing in the intermediate 
separator 32 on the high temperature side are reduced, 
it is possible to prevent drying of the first unified body 1 8, 
[0049] According to the first embodiment, the cross- 
sections of the oxidizing gas passages 52 can be set to 
be different from those of the oxidizing gas passages 
56. For example, the cross-sections of the passages 
can be altered by changing the depths or widths or the 
number of the passages. With this configuration, the 
flow velocity of the oxidizing gas in the oxidizing gas pas- 
sages 52 can be made higher than that of the oxidizing 
gas in the oxidizing gas passages 56. 
[0050] To be more specific, the flow velocity of the ox- 
idizing gas in the oxidizing gas passages 52 are made 
higher than that of the oxidizing gas in the oxidizing gas 
passages 52 by setting the cross-sections of the oxidiz- 
ing gas passages 52 to be smaller than those of the ox- 
idizing gas passages 56 as shown in FIG. 6. With this 
configuration, it is possible to effectively improve the 
drainage characteristic of water liable to be produced in 
a large amount in the oxidizing gas passages 52 on the 
low temperature side. 

[0051] As shown in FIG. 7, the depth of each of oxi- 
dizing gas passages 52a provided in a plate-like second 

separator 30a may be set to be smaller than that of each 
of oxidizing gas passages 56a provided in a plate-like 
intemnediate separator 32a. Further, it is possible to 
make the first and second unit cells 1 4 and 1 6 thin, and 
hence to easily miniaturize the whole cell assembly 10. 
[0052] As shown in FIG. 8, the width of each of oxi- 
dizing gas passages 52b provided in a plate-like second 
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separator 30b may be set to be smaller than that of each 
of oxidizing gas passages 56b provided in a plate-like 
intermediate separator 32b. Further, it is possible to in- 
crease the contact area between the first and second 
unit cells 14 and 16, and hence to reduce the contact 
resistance. 

[0053] As shown in FIG. 9, the number of oxidizing 
gas passages 52c provided in a plate-like second sep- 
arator 30c may be set to be smaller than that of oxidizing 
gas passages 56c provided in a plate-like intermediate 
separator 32c. Further like the example shown in FIG. 
8, it is possible to effectively increase the contact area 
between the first and second unit cells 14 and 16. 
[0054] According to the first embodiment, the whole 
size of the fuel cell stack 1 2 can be easily reduced by 
miniaturizing each cell assembly 1 0. The miniaturization 
of the cell assembly 10 is achieved as follows. Firstly, 
since each of the first and second separators 28 and 30 
and the intermediate separator 32 is configured as the 
metal sheet formed into a corrugated shape (having pro- 
jections and depressions), the separators can be 
thinned, with a result that the whole cell assembly 10 
can be thinned. 

[0055] Secondly, since the intermediate separator 32 
has, on the side facing to the first unified body 1 8; the 
oxidizing gas passages 56 and also has, on the side fac- 
ing to the second unified body 20, the fuel gas passages 
58 (see FIG. 3), the structure of the intermediate sepa- 
rator 32 is thinner than a separator structure in which 
the oxidizing gas passages 56 and the fuel gas passag- 
es 58 are individually provided in two separators. As a 
result, it is possible to miniaturize the whole cell assem- 
bly 10. 

[0056] Thirdly, each of the first and second separators 
28 and 30 and the intermediate separator 32 has the 
oxidizing gas inlet 36a, the oxidizing gas outlet 36b, the 
fuel gas inlet 42a, and the fuel gas outlet 42b, wherein 
the oxidizing gas inlets 36a (oxidizing gas outlets 36b, 
fuel gas inlets 42a, and fuel gas outlets 42b) provided 
in the separators 28, 30 and 32 are communicated to 
each other in the stacking direction of the first and sec- 
ond unit cells 14 and 16, and accordingly, it is possible 
to eliminate the need of provision of a separate manifold 
(external manifold) outside the cell assembly 1 0 and al- 
so eliminate the need of provision of a seal structure 
used for the external manifold, and hence to miniaturize 
the cell assembly 10 and simplify the configuration of 
the cell assembly 10. 

[0057] FIG. 1 0 is an exploded perspective view of an 
essential portion of a cell assembly 80 according to a 
second embodiment of the present invention. In the cell 
assembly 80 according to this embodiment, parts cor- 
responding to those in the cell assembly 1 0 according 
to the first embodiment are designated by the same ref- 
erence numerals and the overlapping description there- 
of is omitted. The same is true for the following third and 
later embodiments. 

[0058] The cell assembly 80 includes a first unified 
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body 82 and a second unified body 84. The firet unified 
body 82 has a hydrocarbon based ele<^rotyte mem- 
brane 86, and the second unified body 84 has a fluorine 
based electrolyte membrane 88. 
[0059] According to the second embodiment config- 
ured as described above, to cope with an inconvenience 
that the temperature of the first unified body 82 becomes 
higher than that of the second unified body 84 because 
of adoption of the thinned-out cooling structure, the hy- 
drocariDon based electrolyte membrane 86 having a 
high heat resistance Is provided in the first unified body 
82, to thereby improve the useful life of the first unified 
body 82. As a result, since the first unified body 82 can 
be used for a long period of time, it Is possible to en- 
hance the economical merit of the cell assembly 80. 
[0060] FIG. 11 Is an exploded perspective view of an 
essential portion of a solid polymer electrolyte fuel cell 
assembly 100 according to a third embodiment of the 
present invention. 

[0061] The cell assembly 1 00 is formed by stacking a 
first unit cell 1 02 and a second unit cell 1 04 to each other 
in the direction A. The first unit cell 1 02 has a first unified 
body 106, and the second unit cell 104 has a second 
unified body 108. The first unified body 106 is held be- 
tween a first separator 1 1 0 and an intennediate separa- 
tor 114, and the second unified body 108 is held be- 
tween the intermediate separator 1 1 4 and a second sep- 
arator 112. 

[0062] Each of the first and second unit cells 1 02 and 
1 04 has. on the one edge side in the long-side direction, 
oxidizing gas inlets 36a, fuel gas inlets 42a, and coolant 
inlets 44a, wherein the oxidizing gas inlets 36a (fuel gas 
inlets 42a, and coolant inlets 44a) are communicated to 
each other in the direction A. and also has, on the other 
edge side in the long-side direction, oxidizing gas outlets 
36b. fuel gas outlets 42b, and coolant outlets 44b, 
wherein the oxidizing gas outlets 36b (fuel gas outlets 
42b, and coolant outlets 44b) are communicated to each 
other in the direction A. 

[0063] According to the cell assembly 1 00 configured 
as described above, as shown in FIG. 12, an oxidizing 
gas. a fuel gas, and a coolant flow in the direction A on 
the one-edge side in the long-side direction of the cell 
assembly 100. The oxidizing gas and the fuel gas are 
supplied in the same direction along both surfaces of 
each of the first and second unified bodies 1 06 and 1 08, 
and after used for reaction, the oxidizing gas and fuel 
gas are discharged from the other edge side in the long- 
side direction of the cell assembly 100, to flow In the 
direction A. Accordingly, since the oxidizing gas and the 
fuel gas flow in the same direction, it is possible to ef- 
fectively improve the drainage characteristic of pro- 
duced water. 

[0064] FIG. 13 is an exploded perspective view of an 
essential portion of a solid polymer electrolyte fuel cell 
assembly 120 according to a fourth embodiment of the 
present invention. 

[0065] The cell assembly 1 20 is f ornied by stacking a 



first unit cell 122. a second unit cell 1 24, and a third unit 
cell 126 to each other in the direction A. The first unit 
cell 1 22 has a first unified body 1 06; the second unit cell 
124 has a second unified body 108; and the third unit 

5 cell 126 has a third unified body 128. The first unified 
body 106 is held between a first separator 110 and a 
first intemnedlate separator 114a; the second unified 
body 108 Is held between the first intemnedlate separa- 
tor 11 4a and a second intermediate separator 1 14b; and 

10 the third unified body 128 is held between the second 
Intennediate separator 114b and a second separator 
112. 

[0066] In the cell assembly 120, there occur differenc- 
es in temperature environment among the first, second 
15 and third unit cells 122, 124 and 126. In particular, the 
temperature of the second unified body 1 08 tends to be 
higher than that of each of the first and third unified bod- 
ies 106 and 128. 

[0067] To cope with such an inconvenience, accord- 
^0 ing to this embodiment, each of the f iret and third unified 
bodies 1 06 and 128 kept at a relatively low temperature 
includes a fluorine based electrolyte membrane 86 sta- 
ble in a low temperature range, and the second unified 
body 108 kept at a.relatively high temperature includes 
?5 a hydrocartaon based electrolyte membrane 86 withv 
standing a high temperature. Further, since each of the 
first and third unified bodies 1 06 and 1 28 becomes high 
in humidity, it includes a catalyst layer and a gas diffu- 
sion layer each of which is excellent in drainage char- 
^0 acteristic, whereas since the second unified body 108 
becomes low in humidity, it includes a self -humidifying 
membrane and a gas diffusion layer having a high wa- 
ter-retention property. 

[0068] The cell assembly 120 configured as de- 
'5 scribed above has an effect of improving the perfomi- 
ances of cells so as to keep up with different tempera- 
ture environments by using different kinds of the first, 
second, and third unified bodies 106, 108, and 128. 
[0069] FIG. 1 4 is an exploded perspective view of an 
o essential portion of a solid polymer electrolyte fuel cell 
assembly 140 according to a fifth embodiment of the 
present invention. 

[0070] The cell assembly 140 is configured by stack- 
ing a first unit cell 1 42 and a second unit cell 144 to each 

5 other. The first unit cell 142 has a first unified body 146, 
and the second unit cell 144 has a second unified body 
148. The first unified body 146 is held between a first 
separator 150 and a first intermediate separator 154, 
and the second unified body 148 is held between a sec- 

? ond intermediate separator 1 56 and a second separator 
152. A flat baffle plate 158 is interposed between the 
first and second intermediate separators 154 and 156. 
[0071] The cell assembly 140 has, on the one edge 
side in the long-side direction, fuel gas inlets 42a, oxi- 

> dizing gas outlets 36b, and fuel gas outlets 42b, wherein 
the fuel gas inlets 42a (oxidizing gas outlets 36b. and 
fuel gas outlets 42b) are communcated to each other 
in the direction A. and also has. on the other edge side 
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in the long-side direction, oxidizing gas inlets 36a, cool- 
ant inlets 44a, fuel gas intennediate communication 
holes 38. and coolant outlets 44b, wherein the oxidizing 
gas inlets 36a (coolant inlets 44a, fuel gas intermediate 
communication holes 38, and coolant outlets 44b) are 5 
communicated to each other in the direction A. 
[0072] Each of the first and second intennediate sep- 
arators 1 54 and 1 56 has, in a surface facing to the baffle 2. 
plate 158, coolant passages 54 which extend linearly. 
The one-ends of the coolant passages 54 formed In the io 
first intermediate separator 154 are communicated to 
the coolant inlet 44a of the first intennediate separator 
1 54 and the other ends thereof are returned on the baffle 
plate 1 58 and are communicated to the coolant passag- 3. 
es 54 formed in the second intermediate separator 1 56. is 
The coolant passages 54 formed In the second interme- 
diate separator 156 are communicated to the coolant 
outlet 44b of the second Intermediate separator 156. 
[0073] In the cell assembly configured as described 4. 
above, the coolant is supplied to the first and second 
unit celts 1 42 and 1 44 in series along the flow direction 
shown in FIG. 15; the fuel gas flows in series from the 
fuel gas passages 46 formed in the first unit cell 142 to 
the fuel gas passages 68 formed in the second unit cell 5. 
1 44; and the oxidizing gas flows to the first and second ^5 
unit cells 142 and 144 individually, that is, in parallel via 
the oxidizing gas passages 56 and 52. 
[0074] According to this embodiment, since the fuel 
gas having a low viscosity flows in the fuel gas passages 
46 and 58 communicated in series to each other, the 30 6. 
length of the flow passages becomes longer, to thereby 
give a sufficiently high pressure drop to the fuel gas, with 
a result that it is possible to effectively discharge water 
produced on the anodes 26a and 26b. 
[0075] Although certain preferred embodiments of the 35 
present Invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 
[0076] A cell assembly (10) includes a first unit cell 
(14) and a second unit cell (16) stacked to each other. 7. 
The first unit cell (14) includes a first unified body (1 8), 
and the second unit cell (16) includes a second unified 
body (20). In the cell assembly (10), oxidizing gas pas- 
sages (56) and (52) and fuel gas passages (46) and (58) ^5 
are provided in parallel along the first and second unit 
cells (14) and (16). 



Claims 




1. A solid polymer electrolyte fuel cell assembly (10) 
comprising a plurality of unit cells (14, 16) stacked 
to each other, said unit cells (14, 16) each having a 
unified body (1 8, 20) including an anode (26a, 26b), 55 
a cathode (24a, 24b), and a solid polymer electro- 
lyte membrane (22a, 22b) disposed between said 
anode (26a, 26b) and said cathode (24a, 24b), 
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wherein a plurality of reaction gas passages 
(46, 58, 52, 56) are formed parallel in said cell as- 
sembly (10), in a direction in which said unit cells 
(14, 16) are stacked, for allowing at least one of a 
fuel gas and an oxidizing gas to flow through said 
unit cells (14, 16) In a same direction. 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 1 , wherein coolant passages (48, 
54) for cooling said cell assembly (10) are formed 
on both sides of said plurality of unit cells (14, 16) 
in the stacking direction of said unit cells (14, 1 6). 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 2, wherein each of said coolant 
passages (48, 54) extends linearly along a plane 
direction of said unit cells (14, 1 6). 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 1 , wherein at least two of said 
unit cells (14, 16) have structures different from 
each other. 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 4, wherein said reaction gas pas- 
sages (52, 56) provided in said at least two unit cells 
(14, 16) have cross-sections different from each 
other. 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 5, wherein the cross-sections of 
said reaction gas passages (52. 56) provided in said 
at least two unit cells (1 4, 1 6) are different from each 
other by making the depths, widths, or the number 
of reaction gas passages provided in one of said at 
least two unit cells (1 4, 1 6) different from the depth, 
widths, orthe number of reaction gas passages pro- 
vided in another of said at least two unit cells (14, 
16). 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 5, wherein the cross-section of 
one (52), disposed in proximity to said coolant pas- 
sages (48), of said reaction gas passages are 
smaller than the cross-section of another (56), dis- 
posed apart from said coolant passages (48), of 
said reaction gas passages. 

A solid polymer electrolyte fuel cell assembly (10) 
according to claim 4, wherein a choked portion 
(59a, 59b) is provided in one (56), disposed apart 
from said coolant passages (48), of said reaction 
gas passages in order to make the flow rate of the 
one (56) of said at least two reaction gas passages 
smaller than the flow rate of another (52), disposed 
in proximity to said coolant passages (48), of said 
reaction gas passages. 
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9. 



A solid polymer electrolyte fuel cell assembly (10) 
according to claim 4, wherein at least two of said 
unit cells (14, 16) have unified bodies (82. 84) dif- 
ferent from each other. 



10. A solid polymer electrolyte fuel cell assembly (10) 
according to claim 9, wherein one (82), disposed in 
proximity to said coolant passages (48), of said uni- 
fied bodies includes a fluorine based membrane, 
and another (84). disposed apart from said coolant 
passages (48), of said unified bodies includes a hy- 
drocarbon based membrane. 



10 



11. 



A solid polymer electrolyte fuel cell assembly (10) 
according to claim 1 , wherein a separator (32) is In- is 
terposed between adjacent two of said unified bod- 
ies (18, 20). and said separator (32) has, in a plane 
thereof, a reaction gas supplying communication 
hole (42a, 36a) and a reaction gas discharging com- 
munication hole (42b, 36b) for supplying and dis- 20 
charging said reaction gas to and from said reaction 
gas passages (48, 58, 52, 56) in each of said unit 
cells (14, 16). 



12. A solid polymer electrolyte fuel cell assembly (10) 25 
according to claim 1 , wherein a separator (28, 30) 

is interposed between adjacent two of said unified 
bodies (18, 20), and said separator (28, 30) is 
fomied of a metal plate having a shape of projec- 
tions and depressions for fomiing said reaction gas so 
passages (46, 52). 

13. A solid polymer electrolyte fuel cell assembly (10) 
according to claim 12, wherein said separator (28, 

30) has, on the side facing to one (18) of the adja- 35 
cent two of said unified bodies, fuel gas passages 
(46) as said reaction gas passages, and also has, 
on the side facing to the other (20) of the adjacent 
two of said unified bodies, oxidizing gas passages 
(52) as said reaction gas passages. 40 

14. A solid polymer electrolyte fuel cell assembly (10) 
according to claim 1, wherein the flow direction of 
fuel gas passages (46) as said reaction gas pas- 
sages along the reaction plane of said unit cell (14, 45 
16) is opposite to the flow direction of oxidizing gas 
passages (52) as said reaction gas passages along 

the reaction plane of said unit cell (14, 16). 

15. A solid polymer electrolyte fuel cell assembly (10) so 
according to claim 1, wherein fuel gas passages 
(46) as said reaction gas passages are provided in 
said unit cells (14, 16) in such a manner as to be 
communicated to each other in series, and oxidizing 
gas passages (52) as said reaction gas passages ss 
are provided in said plurality of unit cells (14. 16) in 
such a manner as to be communicated to each oth- 
er in parallel. 



16. A solid polymer electrolyte fuel cell assembly (10) 
according to claim 1 , wherein fuel gas passages 
(46) as said reaction gas passages are provided in 
each of said unit cells (14, 16) in such a manner as 
to extend linearly along the reaction plane of said 
unit cell (14, 16), and oxidizing gas passages (52) 
as said reaction gas passages are provided in each 
of said unit cells (14. 16) in such a manner as to 
extend linearly along the reaction plane of said unit 
cell (14, 16). 

17. A fuel cell stack including a plurality of cell assem- 
blies (1 0) stuck to each other, 

said cell stack assemblies (10) each compris- 
ing a plurality of unit cells (14, 16) stacked to 
each other, said unit cells (14, 16) each having 
a unified body (1 8, 20) including an anode (26a. 
26b), a cathode (24a, 24b), and a solid polymer 
electrolyte membrane (22a, 22b) disposed be- 
tween said anode (26a, 26b) and said cathode 
(24a, 24b), 

wherein a plurality of reaction gas passages 
(46, 58, 52, 56) are formed parallel In said cell as- 
sembly (10), in a direction in which said unit cells 
(14, 16) are stacked, for allowing at least one of a 
fuel gas and an oxidizing gas to flow through said 
unit cells (14, 16) in a same direction. 

18. A fuel cell stack according to claim 1 7. 

wherein at least two of said unit cells (14, 16) of said 
cell assembly (10) have structures different from 
each other. 

19. A method of supplying a reaction gas in a fuel cell, 
for use in a solid polymer electrolyte fuel cell assem- 
bly (10), 

said cell assembly (10) comprising a plurality 
of unit cells (14,16) stacked to each other, said 
unit cells (14, 16) each having a unified body 
(18, 20) including an anode (26a, 26b), a cath- 
ode (24a, 24b), and a solid polymer electrolyte 
membrane (22a, 22b) disposed between said 
anode (26a, 26b) and said cathode (24a, 24b), 
wherein a plurality of reaction gas passages 
(46, 58, 52, 56) are formed parallel in said cell 
assembly (10), in a direction in which said unit 
cells (14, 16) are stacked, for allowing at least 
one of a fuel gas and an oxidizing gas to flow 
through said unit cells (1 4, 1 6) in a same direc- 
tion, 

said method comprising the steps of: 

supplying the reaction gas in parallel from 
reaction gas supplying communication 
holes (42a. 36a) into reaction gas passag- 
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es (46, 58, 52, 56) of the unit cells (14, 16) 
to flow in said reaction gas passages (46, 
58, 52, 56); 

after said reaction gas is used for reaction 
in said reaction gas passages (46, 58, 52, s 
56), discharging said used reaction gas 
from said reaction gas passages (46, 58, 
52, 56) into reaction gas discliarging com- 
munication holes (42b, 36b). 

10 

20. A method according to claim 19, wherein coolant 
passages (48) are disposed on both sides of the unit 
cells (14, 16) in the stacking direction of said unit 
cells (14, 16), and the flow rate and/or flow velocity 
of the reaction gas passages (52) disposed in prox- is 
imity to said coolant passages (48) are larger than 
the flow rate and/or flow velocity of the reaction gas 
passages (56) disposed apart from said coolant 
passages (48). 
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